Abstract-High-temperature superconductor (HTS) technology has been used to develop an advanced high Q resonant power electronic circuit and its special device. With HTS techniques, a very high Q circuit can be achieved; consequently special aspects such as high voltage generation and current control can be practically realized. Theoretical study has been carried out with regard to this HTS high Q resonant method, as well as a prototype device has been made for experimental verification of the voltage generation and current control, as details described in this paper.
I. INTRODUCTION
H IGH-TEMPERATURE Superconductor (HTS) technology has been used to develop an advanced high Q resonant power electronic circuit and its devices. A high Q R-C-L series resonant circuit has been built and analysed. With HTS techniques, a very high Q circuit can be achieved; consequently special aspects such as high voltage generation and high current control can be practically realized. High voltage generation i.e. can be achieved by using an inductor having a high quality factor Q in a resonate circuit. Normal conductor technology limits the Q values which can be obtained. However, HTS brings a solution to build the high Q inductor, and this voltage generation method becomes viable for very high voltage generation. Theoretical analysis has been conducted with regard to this voltage generation and high current control method, and experimentation has also been carried out for verification.
An electronic resonant circuit with a power electronic-controlled switch has been explored with regard to its special aspects of using a HTS. The circuit special aspects have been studied, such as to form a method of very high voltage generation from a low voltage source [1] , [2] . This high voltage generation method using the high Q resonant circuit mainly consists of a HTS inductor, a DC battery source, a high voltage capacitor, and an electronic switch. An AC source is naturally used for the resonant circuit, however a DC source has been devel- oped for convenient operation. As a basic principle for operational approach, a low voltage DC power source can be used, and its polarity is reversed at a certain frequency, which control is achieved with an electronic switch. As a fundamental principle, the resonant circuit generates the voltage which is proportional to the circuit Q value. Resistance in the circuit will limit the Q value and therefore voltages that can be achieved in practice; however HTS technology can dramatically reduce the resistance and present a very high Q value in its circuit. With regard to the power electronic-controlled HTS high Q resonator, both theoretical analysis and practical operation principle will be presented in this paper with the advantages of using a high Q electronic circuit which can be made with HTS Ag-clad multi-filament wires.
II. OPERATION PRINCIPLE THEORY

A. Q Value and Feature of a Resonant Circuit
In a R-C-L series resonant circuit, the quality factor of a resonant circuit is , and is the resonant frequency in rad . The potential difference across the capacitor at resonance is Q times as great as the applied emf (rms) to the circuit. For a sinusoidal power supply, the voltage across the capacitor at resonance is . For using a DC power supply with an electronic switch to reverse the polarity, the maximum voltage can be expressed as .
B. Resistance-Less Circuit
For the prefect superconducting R-C-L series resonant circuit, the build-up voltage for this ideal non-resistive circuit, the positive and negative peak voltages across the capacitor C after n cycles can be described by [1] ( 1) where n is the iteration number, and is the initial capacitor voltage.
C. Practical Resistive Circuit
For practical resistive circuit with a DC source, when , , then if the and the DC source changes polarity at , the capacitor voltage. After the polarity is changed n times, the capacitor voltage becomes If the exciting source is a causality pulse voltage source After the first cycle, is as shown in the equation at the bottom of the page.
III. EXPERIMENTAL DEVICE AND RESULTS
The practical circuit frame of the experimental device is shown in Fig. 1 . The device is initially analysed with normal inductor for calibration. Fig. 2 shows the voltage waveform at , where the circuit has constants of , and . The circuit attenuation coefficient . Fig. 3 shows the voltage waveform at , and Fig. 4 shows the voltage waveform at . When the pulse square waveform frequency becomes closer to the , becomes sinusoid with the for the situation. Fig. 5 shows the peak value variation during frequency scanning with a steady sinusoid excitation. Since the experimental circuit has maximum , the peak is limited below 104 V. The device is then verified with superconducting inductor. The circuit has the same constants but the different resistance for this case. Fig. 6 shows the increase against time, where is the experiment starting point with inductor resistance . Fig. 7 shows the resistance decrease against time, where Fig. 8 is the variation of its Q values. Fig. 9 shows the with decreased circuit resistance . . The maximum voltage can be achieved at the resonant point as shown in Fig. 12 by frequency scanning.
When minimizing the circuit resistance by using HTS technology, the potentially achievable voltage can be significantly increased as shown in Fig. 13 , where the circuit has ; and Fig. 14 is its corresponding current. 
IV. DISCUSSION
With a HTS, the resonant circuit can be a very high Q circuit, special aspects such as a very high voltage can be built up or a high current can be controlled. With regard to the voltage built up, practically any circuit resistance causes energy dissipation, and for each cycle or reversal of the DC source polarity for example, the corresponding increase in voltage is less than 2 , and the magnitude of the voltage increase gets smaller with each iteration. Any resistance in the circuit will limit the final achievable voltage. To reduce the circuit resistance to near zero leads to an infinite circuit quality factor Q at resonance. In a series resonant circuit with a power supply , the rms current in the circuit at resonance is , and the voltage across the capacitor (rms) is . By assuming that the circuit resistance R is zero, the circuit then has infinite Q at resonant frequency . This leads to an infinite value of generated and a very large potential current. This device therefore is able to provide controls of both high voltages and high currents (Fig. 15) . The HTS technology is critical for this method to be practical. The high Q inductor is able to be realized by using HTS Ag-clad wires, which have been verified and have potential capability to make the inductor winding [3] - [6] . The HTS inductor virtually has no resistance for a DC current operation; however loss will be generated even at a relative low value and low frequency AC current application, which however does not affect this application significantly [7] . The HTS wires can be used to achieve the very high Q inductor to make this method viable; on the other hand the conventional inductor technique cannot make this method applicable because of the limited Q value. 
V. CONCLUSION
A high Q resonant circuit with a power electronic controller has been verified with theoretical and also operational analysis, which forms a base to practically develop this high Q resonant method with HTS technology. This method generates special aspects for applications, such as high voltage built up and high current control, which can be readily achieved by using the newly developed HTS technology.
